This study investigates the effects of scientists' inbound mobility on the research performance of incumbent scientists in an academic setting. The theoretical framework integrates insights from learning theory and social comparison theory to suggest two main mechanisms behind these effects, localized learning and social comparison. The authors propose several hypotheses about the conditions that might intensify or weaken such effects. Specifically, the arrival of new scientific personnel is likely to exert stronger positive effects on the performance of incumbent scientists with shorter (cf. longer) organizational tenure; in addition, academic departments with less diversified expertise and with higher levels of internal collaborations likely reap greater benefits from learning by hiring. The empirical findings, based on a longitudinal analysis of a sample of 94 U.S. academic chemical engineering departments, provide empirical support for these contentions.
The inbound mobility of scientists represents an effective channel for organizations to acquire external knowledge and technologies (Palomeras and Melero 2010; Song et al. 2003; Tzabbar et al. 2013 ). Knowledge workers in general and scientists in particular accumulate valuable knowledge and expertise at their workplace, so their inter-organizational movement spurs knowledge diffusion and spillovers (Agarwal et al. 2009; Almeida and Kogut 1999; Argote and Ingram 2000; Rosenkopf and Almeida 2003) . Two research approaches in prior literature address the potential performance-related benefits of hiring external scientific personnel. One approach explores the direct effect of inbound employee mobility on post-recruitment organizational performance, usually with an emphasis on the human capital implications of external recruiting. Such research has centered predominantly on the tendency of new hires to replicate behaviors that reflect their past experience (e.g., Boeker 1997; Dokko et al. 2009; Groysberg et al. 2008; Rao and Drazin 2002) or draw on the knowledge stock of their former employer (e.g., Almeida et al. 2003; Rosenkopf and Almeida 2003; Singh and Agrawal 2011; Song et al. 2003) . These studies reveal that the act of hiring away talent from rivals might not be sufficient for inter-organizational knowledge transfer, because the performance gains due to inbound mobility are contextually specific. For example, attributes of the new joiners and the hiring firm Song et al. 2003) and the degree to which expertise is firm specific (i.e., embedded in relationships with colleagues) (Groysberg and Lee 2009; Groysberg et al. 2008; Huckman and Pisano 2006) are important contingencies that can enhance or offset performance-related benefits from inbound mobility.
Another research approach investigates the indirect effects on performance, that is, how the research performance of incumbent scientists is influenced by the arrival of new scientists. Although this research stream is relatively sparse, some empirical evidence suggests that in certain circumstances, incumbent researchers draw on a new recruit's knowledge and expertise to pursue innovation activities (Lacetera et al. 2004; Singh and Agrawal 2011; Tzabbar 2009 ). Singh and Agrawal (2011) highlight the role of direct collaborations between new hires and incumbents for post-recruitment knowledge diffusion; Tzabbar (2009) demonstrates empirically that the arrival of new, technologically distant, star scientists can transform the capabilities of incumbents, especially when the local work environment encourages social interactions and knowledge sharing. Such studies underscore the importance of the local context in shaping a firm's ability to capitalize on a new recruit's knowledge. Despite increasing evidence that newly hired scientists can generate spillover effects in the hiring organization, little systematic investigation addresses the underlying mechanisms by which these outcomes occur.
To advance such research, we examine the effects of inbound mobility on incumbent scientists' performance in academia, using insights from social comparison theory (e.g., Festinger 1954; Kilduff 1990; Kruglanski and Mayseless 1990; O'Reilly et al. 1988) to inform learning by hiring theory (e.g., Rosenkopf and Almeida 2003; Song et al. 2003) . Specifically, we are interested in the conditions in which inbound mobility leads to performance gains at the department level, beyond those associated with the new hires' direct contributions to the department's research output. We view inbound mobility as a social phenomenon and contend that its impact on incumbents' performance can be explained by the interplay of two mechanisms: localized learning and social comparison. On the one hand, inbound mobility might spur opportunities for learning, social interaction, and knowledge exchange between incoming and existing faculty members through the mechanism of localized learning; on the other hand, it might prompt incumbents to benchmark their attitudes, performance, and behaviors against incoming faculty members through the mechanism of social comparison. Our theoretical model anticipates specific contingencies that can help elucidate when these mechanisms are stronger or more likely to occur. We look at how certain attributes of existing faculty members (e.g., organizational tenure) and features of the hiring department (e.g., research expertise diversity and level of internal collaborations) make incumbents more or less susceptible to peer effects induced by the new hires.
We use the academic department as a unit of analysis. Academic departments are fundamental organizational units in universities; they provide the practices and policies within which the scientific work is conducted (Fox and Mohapatra 2007) , and they are relatively autonomous in determining their recruitment policy and the technology for the production of their output (Dundar and Lewis 1995) . Therefore, using a department level of analysis (cf. individual level of analysis) allows us to account for potential complementarities between the recruitment policy of the department and other policies, such as those aiming at fostering research specialization and internal collaborations. Academic departments also constitute a local social context, characterized by both spatial and social proximity among faculty members (Aschhoff and Grimpe 2014; Kenney and Goe 2004) . This status may induce interdependencies and important externalities among peers (e.g., knowledge spillovers; shared equipment, instrumentation, and facilities; complementary research agendas; internal collaborations) (Carayol and Matt 2004) and activate mechanisms of localized learning and social comparison (Bercovitz and Feldman 2008; Tartari et al. 2014 ).
We empirically test our theoretical model with a sample of 94 U.S. university departments, specializing in chemical engineering research, for which we analyze their scientist mobility patterns and scientific knowledge production. With this sample, we can track all researcher movements and develop a complete, unbiased picture of mobility. This picture reveals that the arrival of new scientific personnel exerts a stronger positive effect on incumbents' performance if they have a shorter organizational tenure. In addition, departments with more diversified research expertise benefit less from learning by hiring effects. Finally, the positive effects of inbound mobility on incumbents' performance are more intense in departments in which faculty members are more inclined to collaborate internally.
In turn, this study makes both theoretical and empirical contributions to current literature. As a theoretical contribution, our work is novel in its identification of specific contingencies that shape the impact of inbound mobility on the performance of incumbent scientists within the context of academic units. Instead of looking at star scientists and their propensity to generate human capital spillovers (Azoulay et al. 2010; Kehoe and Tzabbar 2015; Lacetera et al. 2004; Oettl 2012; Zucker et al. 2002) , we shift the focus to interaction effects and explore when incumbent researchers are more or less susceptible to influences induced by incoming (but not necessarily star) scientists. Overall, our study advances literature on learning by hiring (e.g., Almeida et al. 2003; Rosenkopf and Almeida 2003; Song et al. 2003; Tzabbar 2009 ) by investigating novel challenges that research-intensive organizations face in capitalizing on the knowledge and expertise of their new recruits. Simultaneously, we add to the scholarly body of work on the role that the localized social environment plays for modeling individual actions and behaviors in academia (e.g., Bercovitz and Feldman 2008; Tartari et al. 2014) , by linking it to the phenomenon of inbound scientists' mobility.
Finally, we contribute empirically to literature on the mobility of R&D personnel. Empirical research in this area is limited, mainly by the methodological obstacles associated with tracking all individual scientists' movements, regardless of their patenting and publishing activity. Most prior empirical research has used inventors' patent trajectories and patent citation data to infer individual movements and link them to inter-firm knowledge flows. Such studies valuably demonstrate the role of human mobility as a conduit for knowledge diffusion and highlight important contingencies that can facilitate or hinder this process Rosenkopf and Almeida 2003; Song et al. 2003 ).
Yet most investigations of the mobility of scientists and engineers can identify mobility only if the researcher has patented an invention both before and after changing employers. (They identify a change of employer when two consecutive patent applications by the same inventor are assigned to different assignees.) This approach introduces a potential selection bias that could minimize the costs of mobility or generate false positives (e.g., Ge et al. 2014) . In contrast, we use a new, unique data set in which we can track all entries and exits at the academic department level, eliminating this potential bias. Thus we add to empirical literature on individual mobility in other industries (Dokko and Rosenkopf 2010; Groysberg et al. 2008; Huckman and Pisano 2006; Rao and Drazin 2002; Somaya et al. 2008) and at the executive level (Boeker 1997) , which tracks mobility using methods specific to distinct study contexts.
THEORY AND HYPOTHESES

Effects of inbound mobility on incumbents' research performance
An organization's research competences reside mainly in the knowledge and skills of its research scientists (Deeds et al. 2000) , so the scientific expertise of research-driven organizations likely changes significantly with scientists' recruitment and turnover (Subramaniam and Youndt 2005) . Zucker and Darby (1997) , for example, illustrate how a large pharmaceutical firm transformed its technological identity primarily by hiring many new scientists with biotechnology backgrounds.
Because significant tacit knowledge is embedded in scientists and engineers (Almeida and Kogut 1999; Argote and Ingram 2000) , hiring personnel away from other employers is particularly worthwhile if firms want to acquire externally developed expertise Song et al. 2003) .
The impacts of such inbound mobility on the research performance of a research-driven organization can be direct and indirect. Because incoming scientists embody knowledge and competences that they bring with them when they move, newly hired personnel can participate directly in the knowledge-building processes at the hiring firm and generate direct research outputs. For example, new recruits in academia publish articles with their new affiliation. Accordingly, organizations often enjoy an immediate boost in their performance through external recruiting (Dokko et al. 2009; Rao and Drazin 2002; Rynes et al. 1997) . Moreover, recruiting top performers can exert indirect effects on the performance of other scientists in the organization, such as by transforming incumbents' capabilities (Tzabbar 2009 ) or substantially increasing their productivity (Lacetera et al. 2004 ). This indirect channel has attracted less attention, but research-driven organizations that want to initiate a change by hiring new scientific personnel need to understand how their incumbent researchers respond to the presence of new, productive colleagues.
In this indirect channel, we view inbound mobility as a social phenomenon that likely shapes the local social dynamics in the hiring organization and affects the research performance of incumbent scientists. When the social context at the workplace is characterized by spatial and social proximity, it likely activates two main social mechanisms: the mechanism of localized learning, through facilitating social interactions and knowledge transfer among local peers (Bercovitz and Feldman 2008) , and the mechanism of social comparison, through highlighting the role that peers or relevant others play in modeling individual actions and behaviors (Felps et al. 2009; Tartari et al. 2014) . Our central theoretical claim is that inbound mobility likely intervenes in the local social dynamics at the hiring organization, and in certain circumstances, the effects of these two mechanisms are intensified or weakened. To study these effects, we integrate research on learning by hiring and insights from social comparison theory.
On the one hand, the incorporation of new scientists might be beneficial for incumbent scientists' performance, as it likely spurs learning by hiring. For example, Song et al. (2003 ), Tzabbar (2009 ), and Zucker and Darby (1997 suggest that hiring away technologically distant scientists is a particularly useful way for firms to learn about external technologies. Some characteristics of the hiring firm, such as size and path dependency, are documented as likely boundary conditions on learning by hiring Song et al. 2003) . In addition, the portability of individual performance across organizations depends on the specificity of the new recruits' knowledge (Groysberg and Lee 2009; Groysberg et al. 2008; Huckman and Pisano 2006) On the other hand, the arrival of new, productive scientists might induce peer effects on the performance of research scientists who are already employed by the organization through the mechanism of social comparison. According to social comparison theory, humans tend to evaluate their abilities, opinions, and performance by comparing themselves with others whom they perceive as being similar (Festinger 1954; Kilduff 1990; Kruglanski and Mayseless 1990) or slightly better (O'Reilly et al. 1988 ) on some set of attributes. Consistent with this logic, co-located work peers are often a target of social comparison (Felps et al. 2009; Tartari et al. 2014) . Therefore, through a social comparison theory lens, inbound mobility might invoke social comparison processes among incumbent scientists, motivate them to exert more effort, and improve performance.
We study these effects in the context of academia; we believe academic departments are an excellent setting, in which the mechanisms of localized learning and social comparison are extremely relevant and thus likely to be captured empirically. Academic departments are important organizational subunits with some autonomy (Dundar and Lewis 1995) ; they provide a local social environment, characterized by both spatial and social proximity (Aschhoff and Grimpe 2014; Kenney and Goe 2004) , which often stimulates proactive behavior among department faculty members (Tartari et al. 2014) .
Whereas face-to-face social interactions among academic department colleagues facilitate localized learning, the tendency of academics to benchmark themselves against department peers of similar rank (e.g., on issues related to salary, promotion and tenure decisions, department and school rankings) encourages such social comparison.
We investigate specific contingencies that likely make incumbents more susceptible to peer effects induced by the new hires. Organizational tenure is one such potential moderator; it is not only one of the job-related demographic attributes that employees often consider when making social comparisons at work (Pelled et al. 1999 ), but also it affects opportunities for social interactions and knowledge sharing among peers (Ancona and Caldwell 1992; Zenger and Lawrence 1989) . Certain features of the hiring department also might intensify or weaken the prevalent tendency of humans to choose similar others when engaging in social interactions (e.g., Kleinbaum et al. 2013 ) and social comparisons (e.g., Felps et al. 2009 ). We suggest two such contingent factors are the diversity of a department's research expertise and the department's internal collaborative environment.
Moderating role of incumbents' organizational tenure
Organizational tenure-that is, how long the faculty members have been employed by the focal department-is a central factor to consider when explaining the response of incumbent scientists to the arrival of new colleagues. Specifically, we predict that the social mechanisms of localized learning and social comparison, induced by inbound mobility, are most likely to occur for incumbents with shorter (cf. longer) organizational tenure.
When academics have worked for the focal department for a relatively short time, it is plausible that the resultant social context will make them more likely to be receptive to external information, knowledge, and ideas sourced by the new arrivals, such that they benefit more from learning by hiring. Given that incumbents with shorter (cf. longer) organizational tenure are relatively new to the department, they should be less likely to have developed routines that are socially embedded in the organization (McFadyen and Cannella 2004; Paruchuri et al. 2006) . In turn, they should be more open to external influences, willing to engage in informal talks with the new recruits, and reliant on the expertise of their new colleagues as sources of information and feedback. Moreover, the chances that incumbents with shorter (cf. longer) organizational tenure engage in social interactions with new entrants are higher, due to their relative tenure homogeneity (Ancona and Caldwell 1992; O'Reilly et al. 1989; Zenger and Lawrence 1989) . Research suggests that employees who share similar organizational tenures communicate, socially interact, and share knowledge and expertise with one another more frequently (Ancona and Caldwell 1992; Zenger and Lawrence 1989) . We expect frequent interactions with colleagues and exchanges of helpful comments, encouragement, criticism, and advice to spur knowledge spillovers and localized learning (Azoulay et al. 2010; Bercovitz and Feldman 2008; Oettl 2012; Perretti and Negro 2006; Tzabbar 2009 ) and thereby boost research performance.
In addition, the mechanism of social comparison, induced by inbound mobility, likely comes to the fore for incumbents with shorter (cf. longer) organizational tenure. We expect short-tenured incumbents to be more inclined to view their newly hired colleagues as yardsticks against which to evaluate their own career progress, so they exert more effort to enhance performance. As noted by Pelled, Eisenhardt, and Xin (1999) , organizational tenure is one of the job-related demographic attributes tied to career management that employees consider when making social comparisons at work.
People tend to use similar rather than dissimilar others as a desirable standard for comparison (Festinger 1954; Kruglanski and Mayseless 1990) . In academia, fellow academics of similar rank that have entered the department at a similar time tend to benchmark themselves with one another (Bercovitz and Feldman 2008) ; this tendency is even stronger for junior faculty members as they prepare for tenure and promotion and compete for a limited number of senior positions in the department (Tartari et al. 2014) . We contend that incumbents with shorter (cf. longer) organizational tenures are less likely to have achieved professional security; in the face of uncertainty, they are more likely to engage in social comparison with the new hires, exert more effort, and enhance their performance. Taken together, these lines of arguments, emphasizing the mechanisms of localized learning and social comparison, provide consistent insights and suggest the following hypothesis:
Hypothesis 1: Inbound mobility has a more positive effect on the performance of incumbent scientists with shorter (cf. longer) organizational tenure.
Moderating role of a department's research expertise diversity
A growing body of research examines the relationship between the technological diversity (breath or scope) of an organization's knowledge base and its innovation performance (e.g. , Miller 2006; Nesta and Saviotti 2005) , but our focus is not on the direct effect but rather on how this feature of the hiring department interacts with inbound mobility to affect incumbents' research performance. We contend that when academic departments pursue research endeavors in diverse knowledge domains, the susceptibility of incumbent scientists to peer effects induced by the new hires is likely to be lower, at least at the margin, for several reasons.
Consider first the mechanism of localized learning. Departments with less diverse research expertise face greater chances of intersections, similarities, and overlaps in terms of knowledge, research interests, and backgrounds among faculty members; these chances in turn may enhance the frequency of social interactions and communications among work peers (Kleinbaum et al. 2013; Zenger and Lawrence 1989) and spur knowledge flows and learning opportunities. Haeussler (2011) , for example, argues that academics are more likely to exchange information with others if they share similar values, beliefs, and professional identities. Similarly, Reagans (2011) underscores the importance of social similarity and propinquity in facilitating social interaction and generating strong interpersonal ties among work peers. Academics who share similar research expertise often sort themselves into similar situations (Kleinbaum et al. 2013 ). For example, scientists working on a specific field usually attend the same conferences and workshops, read more of one another's research, and receive training that features similar values, methodologies, and scientific approaches. Despite efforts to integrate different knowledge areas and the benefits that cross-pollination might bring (Lavie and Drori 2012; Miller et al. 2007 ), a more diversified department, in terms of areas of research, instead will tend to display clusters of localized knowledge. Other things being equal, knowledge will not circulate as fast as it does in a more homogenous department. That is, in a more diversified department, the learning and spillover effects generated by inbound mobility are more likely to remain localized and affect only some of the faculty members, whereas in a more homogenous department, knowledge flows more smoothly, and the benefits will be more widespread.
Social comparison processes likely play a more prominent role in less diversified departments in terms of areas of research expertise; we contend that such departments tend to exhibit higher levels of perceived department homogeneity. When incumbent scientists' expertise spans a relatively narrow range of research areas, the self-other similarity and the interdependencies among department faculty members are likely emphasized; therefore, the social comparison processes are of high relevance, and benchmarking against the attitude, abilities, behavior, and performance of others is more likely to occur (Molleman et al. 2007; Stapel and Marx 2007) . Research suggests that people tend to choose career referents with similar shared attributes, like age or professional experience, that might relate to performance (Gibson and Lawrence 2010) . Moreover, sharing a distinctive attribute with colleagues, such as common research expertise or joint group membership, may signal unique similarity and create a sense of closeness and personal bonds that prompt assimilative (rather than contrasting) selfevaluations through social comparisons (Brewer and Weber 1994; Stapel and Marx 2007) . In more diversified departments, these social comparison processes not only may be weaker but also should tend to cluster around single research areas. The arrival of new scientists then triggers effort and improves performance only for a subset of the faculty of the receiving department. These effects should be more widespread in less diversified departments, in terms of their areas of research expertise.
Hypothesis 2:
The positive effect of recruiting high-quality scientists on the performance of incumbent scientists is weaker for departments with more diversified research expertise.
Moderating role of internal collaborative environment
If scientists' inbound mobility boosts incumbent scientists' performance through the social mechanisms of localized learning and social comparison, we expect that these positive effects will be stronger or more likely in academic departments in which faculty members are more inclined to collaborate internally with their colleagues.
One explanation emphasizes the crucial role of the internal collaborative environment for enhancing inter-organizational knowledge flows. Knowledge sourced through scientists' recruitment diffuses very narrowly in destination firms (Singh and Agrawal 2011) , such that the simple act of hiring might not be sufficient for knowledge transfers to take place Song et al. 2003 ).
Appropriate internal structures that facilitate knowledge sharing and social interactions among employees are needed to trigger the mechanism of learning by hiring (Tzabbar 2009 ). An internal collaborative environment enhances connectivity among departmental colleagues and sets the stage for knowledge exchanges and combinations (Nahapiet and Ghoshal 1998) . Joint work on collaborative research projects also fosters repeated social interactions, increased mutual trust and cooperation, and reciprocity among collaborators, prompting fast and more efficient communications through frequent exchanges of tacit knowledge and expertise (Bouty 2000; Lavie and Drori 2012; McFadyen and Cannella 2004; Zucker et al. 2002) . The resulting increase in shared understanding and integration of knowledge sourced from newly hired scientists (Tzabbar 2009 ) then creates opportunities for knowledge brokerage (Hargadon and Sutton 1997) , cross-fertilization of ideas (Lavie and Drori 2012) , experimentation with innovative projects (Miller et al. 2007; Rosenkopf and Nerkar 2001) , and novel knowledge combinations (Ahuja and Lampert 2001; Fleming 2001; Galunic and Rodan 1998) . We expect academic departments, in which faculty members tend to collaborate internally, to assimilate and capitalize better on new recruits' knowledge and benefit more from learning by hiring.
Another possible explanation is based on the idea that inter-organizational ties and internal social capital underlie social comparison processes that incentivize co-workers to perform in line with or better that their peers (Maurer et al. 2011) . When jobs involve social interaction among peers, social comparisons at work are almost inevitable (Buunk et al. 2005) . Thus, whether the work context is cooperative versus competitive is a crucial determinant of the direction of the social comparison effects (Festinger 1954; Stapel and Koomen 2005) . Internal cooperation among department faculty members entails joint participation in research endeavors and high levels of mutual trust. Moreover, joint work on research projects involves interdependencies among departmental colleagues, such as pooling scientific expertise and resources (Katz and Martin 1997; Lavie and Drori 2012) or exploiting complementarities among researchers in terms of their research agendas, common instrumentation, and facilities (Carayol and Matt 2004) . Such interdependencies urge social comparison among peers and adjustments of individual efforts (Molleman et al. 2007 ). In cooperative environments, individuals tend to align their self-views with their collaborative partners and emphasize self-other similarities (cf. differences) (Stapel and Koomen 2005) . Therefore, internal cooperation likely inspires positive feelings among department colleagues and admiration for others' performance (Smith 2000) , which then triggers individual motivation to work hard and improve performance (Molleman et al. 2007 ). In these circumstances, the response of incumbent scientists to inbound mobility is more likely to entail increased scientific effort and improved research performance. These arguments give rise to the following hypothesis:
Hypothesis 3: The positive effect of inbound mobility on the performance of incumbent scientists is stronger for departments in which faculty members are more inclined to collaborate internally.
METHODS
Research setting
To analyze the effects of scientists' inbound mobility on incumbents' performance empirically, we focus on an academic research sector in the field of chemical engineering in the United
States. Chemical engineering is the science of creating economical new chemical processes (Arora and Gambardella 1998) ; chemical engineers engage in the synthesis, design, testing, scale-up, operation, control, and optimization of processes that change the physical state or chemical composition of materials (CPSMA and DEPS 1988) . Chemical engineering departments provide the unit of analysis for this study. Academic departments are fundamental organizational units in colleges and universities; are relatively autonomous in hiring and promoting faculty, determining academic degree standards, and making curriculum decisions (Dundar and Lewis 1995) ; and generally are evaluated by both their own universities and external agencies (e.g., for accreditation, rankings). We chose this specific research setting on the basis of several considerations. Fourth, this context offers us a unique opportunity to collect data about all department faculty members over several years and identify precisely both newly hired personnel and incumbents, independent of their publication or patent record. Thus we can conduct a more fine-grained analysis of how incumbents' behaviors might represent responses to inbound mobility and avoid the potential biases that affect previous work (Ge et al. 2014 ).
Data and sample
To Clemmons 2011), we used a five-year window to count citations, which helps eliminate the bias incurred because earlier publications are prone to receive more citations. However, citations to published work exhibit highly skewed distributions, and it is difficult to predict ex ante whether a particular article will be highly cited (Baum 2011 ). In addition, this measure blends the quantity and quality of publications. To enhance confidence in our findings, we built a second indicator of research performance, based on journals' impact factors, and used it to check the robustness of the results. We proxy incumbents' research performance with the number of publications in science-or engineeringoriented journals with impact factors of 3 or higher (according to Journal Citation Report-Science Edition 2000). Only 15% of journals in our sample surpassed this threshold. This alternative measure assumes a positive correlation between the impact factor of a journal and its quality. In addition, highimpact journals exert greater impacts on the scientific community (McFadyen and Cannella 2004) .
According to our theoretical model, the effect of scientific recruitment on production patterns of incumbents should be contingent on their organizational tenure. Therefore, we classified faculty members that joined the department in years t -2, t -3, t -4, and t -5 as incumbents with shorter organizational tenures; those who arrived in year t -6 or earlier are incumbents with longer organizational tenures. We recalculated the two measures of incumbents' research performance for each subset of incumbents.
In addition, we calculated the dependent variable (for all incumbents and for each subset) for each year from 1998 to 2006. We used a two-year lag for the dependent variable, after measuring our independent and control variables for each year during the period 1996-2004. This time gap was reasonable for our setting, because publication delays in science tend to be relatively short (Luwel and Moed 1998) . The time lag helped mitigate the potential for reverse causality concerns.
Independent variables.
The main independent variable is inbound mobility, measured as the sum (for all new hires) of the average impact factor of the journals in which new hires have published within five years prior to joining the focal department. (New hires are the faculty members that joined the department in years t and t -1). That is,
where IF ij is the impact factor of the journal where paper i was published by researcher j, and N j is the total number of papers published by researcher j within five years prior to the hiring event. Using a fiveyear window helps attenuate annual fluctuations and better reflects scientists' propensity to publish in high-impact journals prior to hiring. The measure varies with both the average research quality of new hires and their number.
Moderator variables.
To measure a department's research expertise diversity, we used 1 minus the Herfindahl index, a standard approach that gives a sense of how focused or diversified the focal department is (e.g., Garcia-Vega 2006). We constructed this variable using the classification of each publication in subject categories, provided by Science Citation Index Expanded:
where N sk is the number of publications by department s in subject category k over a five-year window (years t to t -4), and N s denotes the sum of all papers published by the department in all subject categories for the same period. The measure yields values between 0 and 1, such that larger values correspond to greater diversity.
With our internal collaborative environment variable, we seek to gauge the ties among department members that facilitate internal knowledge flows. We adopted the following measure from prior research (e.g., Hansen et al. 2005 ):
Internal collaborative environment = Number of unique ties among department members/Total possible number of internal pairwise ties.
To construct this measure, we matched the names of the department faculty with the authors of papers that listed the focal department as their affiliation, and then identified all papers coauthored by at least two department faculty members over a five-year window. A unique tie emerges if two department members have co-authored at least one paper during the time window; the total possible number of such ties is n × (n -1)/2, where n is the number of professors in the department.
Control variables.
We operationalized size as the number of incumbent faculty members each year. Prior work indicates an effect of academic department size on research performance (Hagstrom 1971; Kyvik 1995) , so it is appropriate to control for this variable. For exits, we measured the number of scientists leaving the department over a moving window of two years. A significant portion of knowledge is embedded in individual members, and personnel moves may result in knowledge transfers (Argote and Ingram 2000) , so we accounted for the potential loss of expertise due to researchers' departures. With R&D intensity, we captured the ratio between total R&D expenditures in the subfield of chemical engineering for each university (millions of U.S. dollars) and the number of faculty members in the focal department. With this variable, we controlled for the possibility that available financial resources positively affected the department's ability to hire high-quality researchers and increase its overall scientific productivity by incentivizing research. We included a variable, bachelor's degrees granted per faculty, to control for teaching load, which might affect departmental-level research productivity. We controlled for incumbents' rank or seniority, using the fraction of associate and full professors to all incumbents at the department level. This variable likely correlates with the average age of the researchers. We also included the moderator variables as controls in all regressions.
In addition, to check the robustness of the results, we included controls that might help rule out potential alternative explanations of the observed relations: the proportion of incumbents with longer organizational tenure to all incumbents, research quality of incumbents, and prior productivity of incumbents. We discuss these controls in more detail when we describe the robustness checks.
Because we have panel data, we used dummy variables for each year to control for possible time-specific effects that affect all chemical engineering departments in the sample, such as market conditions or the general economic environment. In addition, we controlled for unobserved heterogeneity at the department level with department-specific fixed effects. Controlling for fixed effects produced a conservative model, because variation in the dependent and independent variable arose from changes over time within each department (Benner and Tushman 2002) . Factors that did not change over time (e.g., hiring policies, reputation) likely affect hiring, quality of hiring, and research performance. Thus, we included both department and year fixed effects in the estimations.
Statistical methods
The dependent variables are count variables and take only nonnegative integer values, so a
Poisson regression approach was more appropriate than conventional linear regression models (Greene 2000) . However, the variance of the dependent variable exceeded its mean, such that overdispersion might be a concern, suggesting the appeal of a negative binomial regression model that can account for overdispersion (Cameron and Trivedi 1998) . To account for both overdispersion and departmentspecific fixed effects, we thus preferred a fixed effects negative binomial model (Hausman et al. 1984) . Table 1 reports the descriptive statistics, including the means, standard deviations, minimum
EMPIRICAL RESULTS
and maximum values, and a correlation matrix among the dependent, independent, and control variables. The average number of papers published annually by a department's incumbent scientists in journals with impact factors of 3 or higher is 8.69. On average, a chemical engineering department in our sample hires 1.79 new scientists every two years, though this value exhibits substantial heterogeneity across years and departments, such that some departments hire very aggressively. The average number of exits is 1.50 faculty members every two years, suggesting an overall expansion of U.S. chemical engineering departments. The pairwise correlations among the independent and control variables are relatively low, so multicollinearity should not be a concern. Inbound mobility, research expertise diversity, and internal collaborative environment are all positively and significantly correlated with the research performance of the incumbents. Yet there is no significant correlation between the share of associate and full professors and the research performance of incumbent scientists.
------------------------------------------Insert Table 1 about here ------------------------------------------
We provide the results in Tables 2-3. The baseline model appears as Model 1, with incumbents' research performance as the dependent variable, measured as total citation-weighted publications. Model 2 builds on the base model by including our combined indicator of inbound mobility, which captures both the average research quality and the number of new entries. The fixedeffects negative binomial regressions show a non-significant effect of inbound mobility on incumbents' research performance. These results are confirmed in Model 3, which uses the same specification as in Model 2, except that the dependent variable is measured as high impact factor publications counts, our second indicator of research performance.
------------------------------------------
Insert Table 2 
about here ------------------------------------------
In Hypothesis 1, we predicted a stronger positive effect of inbound mobility on the research performance of incumbents with shorter rather than longer organizational tenure. To test this effect, we differentiated shorter and longer tenure incumbents and re-estimated the specification in Models 1-2 for the research performance of each type of incumbents. The dependent variable in Models 4-5 is the research performance of incumbents with shorter tenure, operationalized as total citation-weighted publications. The beta coefficient of inbound mobility is positive and statistically significant in Model 5 (p < .01), indicating that inbound mobility has a positive effect on the research performance of incumbents with shorter organizational tenure. We also re-estimated the same model specifications for the research performance of incumbents with longer tenure (see Models 9-10). The beta coefficient of inbound mobility is negative and statistically significant (p < .10) in Model 10. To check the robustness of the results, we re-estimated the specifications in Model 5 and Model 10, using the publication counts in high impact journals as proxies for the research performance of short-and long-tenured incumbents; the results are presented in Models 8 and 13, respectively. Whereas the beta coefficient of inbound mobility is positive and statistically significant in Model 8 (p < .01), it is negative and significant (p <.01) in Model 13. These findings reveal a different pattern of responses to mobility among incumbents with longer tenure. Specifically, external recruiting has a positive effect on the research performance of short-tenured incumbents but a negative effect on the performance of long-tenured incumbents. These results offer empirical support to Hypothesis 1. It is worthwhile to highlight here that our findings only speak to the impact of inbound mobility on the research performance of short-versus long-tenured incumbents; they should not be interpreted as differences in the absolute research performance of the two groups. For a sense of the magnitude of the effects, an average department that moves from no hiring to an average level of inbound mobility would experience a performance increment of 2.3% for short-term incumbents and a decline of 2.5% in the performance of long-tenured incumbents.
However, if a department hired as a result of an expansion policy, we might observe similar patterns in our data, because the number of faculty members with shorter tenures would increase, along with their research performance, when inbound mobility is very high. To rule out this alternative explanation, we controlled for the proportion of long-tenured incumbents (ratio of the number of longtenured to all incumbent scientists in a department). The regressions appear in Model 6 for shorttenured incumbents and Model 11 for long-tenured incumbents. The results remain unchanged, though the statistical significance of the coefficient of inbound mobility improves slightly. The sign of this additional control variable is in the expected direction. We then ran the model specifications from Models 5 and 10 for the subset of incumbents who are associate and full professors; the results are in Model 7 for short-tenured incumbents and Model 12 for long-tenured incumbents. This procedure keeps the rank or seniority of the faculty members constant and attributes incumbents' susceptibility to peer effects solely to their organizational tenure. Because rank is also likely correlated with the age of the researcher, this robustness check allows us to disentangle the effects due to longer organizational tenure from those attributed to age. The main results remain unchanged. Table 3 about here
With Model 14, we introduce a department's research diversity as a potential negative moderator of the relationship between inbound mobility and incumbents' research performance, measured as total citation-weighted publications. The negative, significant interaction term across specifications suggests that academic departments that diversify across many research areas of expertise benefit less from external recruiting, in support of Hypothesis 2. Model 17 represents the same specification but uses publications counts in high impact journals as a proxy for incumbents' research performance; the results remain unchanged. Models 15, 16, 18, and 19 provide tests for the positive moderating effect of internal collaborative environment. Whereas the dependent variable, incumbents' research performance, is measured as total citation-weighted publications in Models 15-16, it is operationalized as publication counts in high impact journals in Models 18-19. As we expected, the interaction term between internal collaborative environment and inbound mobility is positive and significant (p < .05) in all the specifications. Departments in which faculty members are more inclined to collaborate internally benefit more from inbound mobility, in empirical support of Hypothesis 3.
Interpreting an interaction term in non-linear models is complex, because its magnitude, sign, and significance can differ across observations (Hoetker 2007) . Therefore, we use graphical analysis to provide a more nuanced understanding of the interaction effects in Model 16. We follow past work (Yayavaram and Chen 2015) and plot the average marginal effects of inbound mobility for various values of a department's research expertise diversity with 95% confidence intervals in Figure 1 show that the average marginal effects of inbound mobility are statistically significant only for high levels of internal collaborative environment, providing only weak support for Hypothesis 3.
Empirical concerns and robustness checks
The study results are in line with our theoretical framework: The interplay of the mechanisms of localized learning and social comparison appear to drive the effect of inbound mobility on incumbents' research performance, and specific contingencies intervene with the intensity of these mechanisms in the context of academia. Our empirical investigation of these mechanisms likely is subject to some limitations that are common to studies of peer effects and social learning though, which Manski (1993 Manski ( , 2000 describes as endogenous, contextual, and correlation effects. We cannot eliminate these potential biases completely, which would require identifying an exogenous shifter of the propensity to hire new scientists or studying inbound mobility in a quasi-experimental setting, but we address these methodological concerns by following current practice in scholarly research (e.g., Bercovitz and Feldman 2008; Tartari et al. 2014 ).
First, endogenous and unobserved selection effects are potential concerns, in that high performing scientists might self-select into or be attracted to a department with a reputation for conducting high quality research. If so, the best departments would hire the best scientists, and the coefficient of inbound mobility would be biased upward. As we mentioned previously, we addressed this concern at least partially by including department fixed effects in all the model specifications. If the reputation, research performance, and attractiveness of a department remain constant across time, our approach would cancel out this source of bias. Because some unobserved, across-time variations in a department's features could make it more or less attractive to high performing scientists, we also included controls in our main regressions for the research performance of incumbent scientists, using both incumbents' research quality and their prior productivity. Specifically, we operationalized incumbents' research quality as the average impact factor of the journals in which they published in year t. For incumbents' prior productivity, we calculated the average number of citations received per paper published by incumbents in year t. When we included these controls in the estimations of the full models, the results remained largely consistent and confirmed our main findings. Controlling for both incumbents' research quality and their prior productivity in the same regressions did not alter the results either (available on request). As a potential proxy for a department's research intensity (and attractiveness to external scientists), we also considered its patenting activity. Using patent data drawn from the U.S. Patent and Trademark Office regarding each patent filed by any member of the focal departments during 1996-2004, which we aggregated to the department level, we controlled for the department's number of patents in each year; we repeated the same procedure for a five-year window.
The main results remained unchanged (available on request). Furthermore, in all regressions, we controlled for R&D intensity at the department level to rule out the alternative explanation that departments with better access to financial resources would be more likely to hire high quality researchers and increase their overall scientific performance.
Second, department fixed effects also could partially address contextual or correlation biases.
Recall that we incorporated a two-year time lag for the measure of the dependent variable, after measuring the independent variables and controls in all the model specifications, so our findings do not suffer from simultaneity or reverse causality concerns. Our regressions also account for many timevarying controls. Yet controlling for all potential contextual factors is very difficult, so some residual spurious correlations might bias our coefficients. Still, we are confident in the main findings, because our focus was on the drivers of heterogeneity in the impact of inbound mobility on incumbent scientists.
Even if some biases remain in the estimates of the effect of inbound mobility, we have no good reason to believe that those biases correlated with our moderators.
Third, the effect of new hires potentially could mask the replacement of less productive incumbents by more productive newcomers. To deal with this issue, we controlled for the number of exits, number of emeritus professors, and proportion of long-tenured incumbents. Although some replacement effects arose, the main effects remained significant.
DISCUSSION AND CONCLUSION
For academic and research-intensive organizations, the question of whether to recruit productive scientists relates to the extent to which they can (1) increase the department output with their production and (2) generate positive externalities at the organizational level (e.g., boost the productivity of other colleagues, attract research funds, influence further hiring decisions). Prior research demonstrates consistently that knowledge transfer through hiring results mainly from the first channel, that is, the productive role of new recruits and their direct contribution to organizational research output (Singh and Agrawal 2011; Song et al. 2003) . Beyond this direct effect, the arrival of new scientists can exert indirect effects (knowledge spillovers, peer effects) on the productivity of incumbent scientists, thereby influencing the organization's performance output in a more subtle way (Lacetera et al. 2004 ).
This study combines elements from learning theory and social comparison theory to suggest that such effects depend on the local social dynamics between new hires and incumbents and can be explained by the mechanisms of localized learning and social comparison; the intensity of such mechanisms is conditioned by particular contingencies. Our empirical analysis, based on a unique sample of 94 academic departments active in chemical engineering research, provides empirical support for these predictions and adds to existing literature on the role that productive, star scientists play in enhancing others' performance (Azoulay et al. 2010; Lacetera et al. 2004; Oettl 2012; Zucker et al. 2002) . Our results complement this body of work by providing boundary conditions of the widely theorized, positive effects of recruiting new scientific personnel on performance by existing employees. Our study also extends current research on peer effects in academia (e.g., Bercovitz and Feldman 2008; Tartari et al. 2014) , by studying this phenomenon in the context of inbound scientists' mobility. Thus, our results indicate that, in certain circumstances, hiring new scientists can add to the organizational knowledge base by inducing peer effects on the performance of incumbent scientists.
However, our findings suggest that inbound mobility does not induce a uniform effect on all incumbents. Rather, the arrival of new scientists leads to an increase in performance only for the subgroup of incumbents with shorter tenure in the organization. These findings suggest some clear paths for further investigation; in particular, studies should explore whether scientific recruitment has differential effects on the performance of other subsets of incumbents (e.g., star vs. non-star incumbents, research-vs. teaching-oriented professors). Although we proxy for the quality of new hires by their prior productivity, we are not able to capture their unrealized latent potential; it would be interesting to explore how other features of the new hires (or their former workplaces) affect their impacts, in terms of learning and social comparison.
Academic departments with less diversified expertise and higher levels of internal collaborations among faculty members can reap greater benefits from learning by hiring. These findings in turn have implications for how organizations can capitalize on external expertise and knowledge sourced through hiring for innovation processes. They also are consistent with extant literature pertaining to integrative capabilities and knowledge recombination across organizational boundaries (Kogut and Zander 1992; Rosenkopf and Nerkar 2001; Tzabbar et al. 2013; Zahra and George 2002) .
Our findings offer some practical recommendations for managing research-intensive organizations too. For example, the success of an organization's hiring strategy might depend on its ability to retain existing scientists and enhance their productivity. Improving research performance is a slow process that requires sustained hiring for multiple years. Our results show that organizations that historically have not attracted inbound scientists are unlikely to transform their incumbent scientists' research performance through just a one-shot hiring campaign. A department mostly formed by longtenured faculty sees a (small) negative indirect impact from inbound mobility. In addition, the magnitudes of our estimates suggest that, in general, the effect associated with learning by hiring is small. Renewing an organization's research capabilities requires both time and commitment. To benefit fully from inbound mobility, the organization should attempt to activate internal knowledge sharing and collaboration processes. Our results indicate important complementarities between policies that foster internal collaboration and those that increase inbound mobility. Thus, to improve its research capability, a knowledge-intensive organization should establish a clear, comprehensive strategy, rather than implementing isolated measures.
Although the academic research sector provides an excellent setting to test the implications of our theoretical model, it also exhibits some unique specificities. For example, it is highly institutionalized (Bercovitz and Feldman 2008) and operates according to prevailing norms of open science (Dasgupta and David 1994 ). Yet gaining insights into how incumbent scientists respond to the arrival of new, productive colleagues has relevance not just for academic units but for research-driven organizations in general. Firms in science-based sectors such as biotechnology often face similar challenges (Lacetera et al. 2004; Tzabbar 2009 ). However, the potential generalizability of our results to industry settings requires further confirmation in additional studies. This study provides an interesting option for examining the relative effects of hiring productive researchers to organizations, as well as the improvements they bring because of their indirect effects on incumbents. 
